Objective: This study aimed to compare the efficiency of three imidazole-based ionic liquids (ILs) in the microwave-assisted extraction (MAE) of trans-resveratrol from Gnetum gnemon seeds.
INTRODUCTION
Melinjo (Gnetum gnemon L.) is a gymnosperm plant that has pharmacological properties including antibacterial, antiangiogenic, and immunostimulatory properties [1, 2] . Melinjo seeds contain chemicals such as tannins, stilbenoids, and flavonoids. Stilbenoids are commonly identified in melinjo seeds including the large stilbenoid derivative resveratrol [3] .
Resveratrol is a polyphenolic compound with therapeutic properties including antidiabetic, antioxidant, anticancer, and anti-inflammatory properties [4] [5] [6] . Resveratrol can be found in several plant species including red grapes, peanuts, Japan giant knotweed, and melinjo [7] [8] [9] [10] . Resveratrol extraction from melinjo is a practical option because it is affordable and quite easy to find.
Several advanced techniques such as supercritical fluid extraction, ultrasonic-assisted extraction, and microwave-assisted extraction (MAE) have been used in attempts to improve the efficiency of extraction methods by minimizing the extraction time and solvent usage while maximizing yield. Although all of these methods have their own requirements, a comparative analysis showed that MAE is faster, uses less material, and requires less solvent [7, 9, 11] .
Resveratrol extraction can be conducted using several conventional solvents. However, some organic solvents may cause problems during the extraction and/or separation of resveratrol from plants due to their toxicity, volatility, and flammability [12] . Therefore, in the present study, we used ionic liquids (ILs) as alternative and safer, environmentally friendly solvents to optimize the process of resveratrol extraction. ILs have shown their potential as extraction solvents for various chemical compounds including flavonoids from Bauhinia championii plants, proanthocyanidins from Larix gmelinii plants, and resveratrol from Polygonum cuspidatum plants [12] [13] [14] .
We evaluated ILs as alternative solvents in MAE in the present study. Three different imidazole-based ILs, 1-butyl-3-methylimidazolium chloride ([bmim]Cl), 1-butyl-3-methylimidazolium tetrafluoroborate ([bmim]BF 4 ), and 1-hexyl-3-methylimidazolium bromide ([hmim]Br), were used to extract trans-resveratrol from G. gnemon seeds by MAE. Chemical structure of ILs is shown in Fig. 1 .
The effects of various extraction factors were examined, including IL concentration (mol/l), solid-liquid ratio (ml/g), and extraction time (min). Thermal stability is a key parameter for MAE that directly relates to the suitability and long-term stability of extraction media. IL must have sufficient stability to survive the temperature of sample heating [15] . A previous study has reported that imidazolium-based cations exhibit higher thermal stability than tetraalkylammonium cations using thermal gravimetric analysis and differential scanning calorimetry [15] . The anion component was reported to play a key role in the thermal stability of ILs [15] .
The IL-MAE method for the extraction of polyphenolic content from G. gnemon seeds was optimized using response surface methodology (RSM). Levels of trans-resveratrol in the extracts were measured using reverse-phase high-performance liquid chromatography (RP-HPLC) with UV detection. Plant materials and sample preparation G. gnemon. seeds were collected from Pandeglang, Banten Province, Indonesia (October 2016). The sample was sorted and dried in ovens (Memmert, Germany) at 50-60°C. The dried sample was powdered using a grinder (Blender Philips HR-2874, Philips, Indonesia) and stored at room temperature until analysis.
Extraction procedure

IL-MAE
The IL-MAE method was performed as described previously [12] . Briefly, dried and powdered sample (1 g) was soaked in an IL solvent for 1 h and subjected to MAE (Modena 900 Watt, with slight modification). The extract solution (including any residue) was centrifuged, separated by filtration through a cotton swab, and cooled.
Determination of total phenolic content
Total phenolic content was determined using a 96-well microplate reader as described previously with some modification [15] . In total, 20 μl of sample or standard solution was added to 100 μl of 25% Folin-Ciocalteu solution, homogenized for 1 min, and then let stand for 4 min. Sodium carbonate solution (75 μl) was then added, and the solution was homogenized for 1 min. After incubating for 2 h at room temperature in the dark, absorbance was measured at a wavelength of 750 nm using a 96-well microplate reader (VersaMax™ ELISA Microplate Reader, USA). Gallic acid solutions (400, 200, 100, 50, and 25 μg/l) were used as standards. Polyphenol content of extracts (in gallic acid equivalent or GAE) was determined by comparison of sample absorbance with standards. The absorbance of gallic acid standards was measured using the microplate reader running SoftMax 6.5.1 software, and a calibration curve was constructed. The formula for this curve is y=0.169+0.008x. R 2 =0.999, where x is the total polyphenolic content in GAE and y is the absorbance of either gallic acid standards or samples.
Determination of trans-resveratrol content
The analytical procedure to determine trans-resveratrol was based on that described in a previous study with slight modification [16] . The HPLC system was a Shimadzu LC-20AT instrument connected to an SPD-20A UV-vis detector, and the column was a Zorbax Eclipse XDB-C18 (150 mm × 4.6 mm, 5 µm). RP-HPLC was performed by isocratic elution at a flow rate of 1 ml/min, using a mobile phase comprising a water-acetonitrile solution (75:25 v/v). The solution was adjusted to pH 3.00 with glacial acetic acid. Samples were filtered through a 0.45-µm membrane; then, 20 µl of each sample solution was injected. Each sample was injected in duplicate. Absorbance was monitored at 306 nm to prepare chromatograms. For the quantitation of trans-resveratrol content in samples, a calibration curve was prepared using trans-resveratrol standard solutions ranging from 1 to 15 µg/m, and its equation was calculated using LabSolutions software. The formula is y=33.194+149.376x. R 2 =0.999, where x is the resveratrol yield and y is the peak area of trans-resveratrol standard or sample solutions. Identification of trans-resveratrol in each sample was done by comparing retention times with those of standard peaks (eluting at approximately 8 min).
Experimental design using RSM
Optimization of the IL-MAE method was performed using RSM, which can estimate interactions between factors and process parameters (independent parameters) that affect the trans-resveratrol yield. The experiment was conducted using a Box-Behnken design (three factors and three levels), requiring 17 experiments in total for the optimization of extraction parameters ( Table 1 ). The independent parameters were extraction time (min), liquid-solid ratio (ml/g), and IL concentration (mol/l), and the outcome was the trans-resveratrol yield. A multilinear quadratic regression model was constructed based on the data from the process parameters as well as the polyphenol content of the extracts using Design-Expert v10 software (Stat-Ease Inc., Minneapolis, MN, USA). 
RESULTS
Pre-optimization
Pre-optimization was conducted to determine the levels of each extraction factor to be included in RSM. There were three extraction factors: IL concentration, extraction time, and liquid-solid ratio. Preoptimization of salts was also conducted to determine the salt type and concentration in the extraction process that resulted in the highest trans-resveratrol yield.
Pre-optimization of IL concentration
A series of experiments were conducted using different IL concentrations (0.5, 1.0, 1.5, 2.0, and 2.5 mol/l). As shown in Fig. 2 
Pre-optimization of extraction time
A series of experiments were conducted using different extraction times (5, 7, 10, 12, and 15 min). As shown in Fig. 3 
Pre-optimization of liquid-solid ratio
A series of experiments were conducted using different liquid-solid ratios (13:1, 15:1, 18:1, 20:1, and 23:1 ml/g). As shown in Fig. 4 , the levels of liquid-solid ratios included in RSM 4 were obtained using NaCl.
Optimization of the IL-MAE method
Three factors with three levels (extraction time, IL concentration, and liquid-solid ratio) were optimized using RSM with a Box-Behnken design. The results obtained using Design-Expert v10 software showed the three dimensions of the response surface for the mutual interaction between the factor and process parameters. In total, 17 replicates under different experimental conditions were studied, and the results in terms of trans-resveratrol yield are shown in Table 1 .
The highest trans-resveratrol content was obtained using 0. Where, y is resveratrol content, x 1 is factor A (IL concentration), x 2 is factor B (liquid-solid ratio), and x 3 is factor C (extraction time). In Table 2 , the correlation coefficient (R 2 =0.8296) obtained from the model implied that >82.96% of the experimental variation can be explained using this model. Moreover, F-value for lack of fit (p>0.05) was 1.71, which implied that the lack of fit was not statistically significant.
HPLC analysis
Resveratrol was identified in each sample chromatogram, and its retention was compared with that of the standard compound.
Total phenolic content determination
The Folin-Ciocalteu method with some modifications was used to measure the total polyphenol content in melinjo seed extract. Total phenolic content using the Folin-Ciocalteu method is represented by an equivalent value of GAE. The extraction was performed using MAE to obtain the optimal amount of secondary metabolite. The total polyphenol yields using MAE were 0. 4 . This finding could result from the different interactions of trans-resveratrol with anions used in the ILs. Similar results have been reported in a previous study that showed that ILs containing bromide or chloride as the anion is effective in dissolving trans-resveratrol [13] . Moreover, interactions between the imidazolium cation and trans-resveratrol may also have had a significant role relating to the hydrogen bonding capabilities of ILs.
Extraction parameters influencing the outcome of IL-MAE, including solvent concentration, liquid-solid ratio, and extraction time as independent variables, were optimized to identify the most efficient extraction conditions [14] . The trans-resveratrol yield in each sample was observed as a dependent variable. The results of our study were reported in total polyphenol yields from each sample so as to include other stilbenoid compounds, as previous studies had reported resveratrol dimers in melinjo seeds. Determining the content of each dimer is challenging due to the lack of reference reagents available [1] .
Concentrations of the IL [hmim]Br ranging from 0.5 to 1.0 mol/l were used for extraction. The concentration of 0.5 mol/l was optimal to obtain the highest trans-resveratrol yields. The effect of IL concentration is related to the viscosity of the IL: The higher its concentration, the more difficult it becomes to attract analytes from the plant matrix [13] .
Liquid-solid ratios in the range of 13-18 ml/g were examined to identify the optimal ratio for extraction. An excessively high or low IL ratio could lead to ineffective extraction. The results show that the highest transresveratrol yields were obtained at a ratio of 15.5 ml/g. Extraction times ranging from 10 to 15 min were examined to determine the optimal time of extraction. The optimal time identified in the present study to extract trans-resveratrol with the highest yield was 15 min. This finding indicates that analytes are attracted optimally from the plant matrix within 15 min [15] . The optimal extraction conditions were identified by RSM analysis using Design-Expert v10.03 software. The results show that the optimal IL concentration is 0.5 mol/l, the optimal liquid-solid ratio is 15.5:1 (ml/g), and the optimal extraction time is 15 min.
CONCLUSIONS
IL-MAE was applied to extract trans-resveratrol from melinjo seeds. The optimal extraction conditions to maximize trans-resveratrol yield were analyzed using RSM. IL-MAE using [hmim]Br has potential as an alternative method to efficiently extract resveratrol from melinjo seeds. 
